A novel antimicrobial composite material was prepared by encapsulating orange 48 essential oil (OEO) in zein prolamine (ZP) via the coaxial electrospinning (ES) 49 technique. By manipulating process parameters, the morphological features of ZP/OEO 50 fibers were modulated. Fine fibers with diameters ranging from 0.7 to 2.3 μm were 51 obtained by regulating ZP solution concentration and process parameters during the ES 52 process. Optimal loading capacity and encapsulation efficiency of OEO in fibrous ZP 53 mats were determined to be 22.28% and 53.68%, respectively, and were achieved using 54 a 35 w/v% ZP ES solution. The encapsulation of OEO was found to be reliant on ZP 55 solution concentration (the enveloping medium). SEM analysis indicates the surface 56 morphology of ZP/OEO electrospun fibers is dependent on ZP solution loading volume, 57 with lower ZP concentrations yielding defective fibrous structures (e.g. beaded and 58 spindled-string like morphologies). Furthermore, this loading volume also influences 59 OEO loading capacity (LC), encapsulation efficiency (EE), mat water contact angle and 60 oil retention. CCK-8 assay and cell morphology assessment (HEK293T cells) indicate 61 no significant change with electrospun ZP and ZP/OEO fibrous membranes over an 8h 62 period. Antimicrobial activity assessment using Escherichia coli, suggests composite 63 non-wovens possess sterilization properties; elucidating potential application in active 64 food packaging, food preservation and therefore sustainability.
Introduction
Louis, Mo., USA). Ethanol, hexane and phosphate buffer saline (PBS, pH 7.4) were 177 obtained from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). OEO 178 extracted via steam-distillation was purchased from Jinyuan natural flavor Co., Ltd 179 (Jiangxi, China). All chemicals were analytical grade and were used without further 180 purification. A Millipore Milli-Q Reference ultra-pure water purifier (USA) was used to 181 obtain deionized water (DI water) for experimentation. to measure fiber diameter at various process conditions. All statistical graphs were 228 plotted using Origin software (OrginLab, USA). The theoretical quantity of OEO was calculated by obtaining the proportion of oil weight to total weight of composite fibers, which was measured using solution density 250 and the ratio of inner and outer layer solution flow rate. In this study, the theoretical 251 amount of oil within 100 mg fibrous sample was 37 mg. In-vitro biological evaluation 286 In food retail and manufacturing industries, deployed composite packaging materials are 287 prone to consumer interaction, either through skin or oral contact. Therefore, it is 288 necessary to assess potential risks of food packaging materials towards humans 289 (Eleftheriadou and others 2016). In this study, HEK293T cell lines were used to assess 290 cytotoxicity of ZP and ZP/OEO fibrous membranes. HEK293T cells were incubated and before and after chain entanglement. In the current study, C e was determined to be 16.8 375 w/v% for ZP solutions (Figure 2j) , which suggests concentrations below this (C e ) value 376 will yield particles, and fabrication of defect free composite fibers via ES require 377 solutions with greater ZP concentrations (e.g. 35 w/v%). 
